Background: Sex differences in blood pressure (BP) exist during all reproductive life between women and men whereas a sharper increase in BP occurs after menopause which is associated with increased prevalence of cardiovascular diseases. This study examined cardiovascular and biochemical parameters in perimenopausal women (PW) aiming to investigate the influence of sex on a) office BP and for 24 hours; b) cardiac autonomic modulation; c) redox state by measuring MDA, SOD, and catalase; d) NOx-concentration. In addition, aerobic exercise training (AET) was applied for detecting changes in cardiovascular responsiveness during the menopausal transition.
The existence of sex differences related to blood pressure (BP) levels is well documented.
On the other hand, a sharper increase in BP in women than in men has been reported during midlife which is associated with increased prevalence of cardiovascular diseases after menopause (Barton & Meyer, 2009; Benjamin et al., 2018) . Estrogen deficiency is considered the main cause of the deep increase in BP after menopause since estrogen plays a key role in the regulation of a variety of physiological systems including cardiovascular, endocrine, nervous and immune (Stork et al., 2004) . Nevertheless, most of the data reporting the role of estrogen deficiency on BP levels are from experimental studies (Reckelhoff, 2018) . Therefore, studies with women in different phases of the climacteric period are fundamental to understand the possible mechanisms as well as biomarkers that are involved in BP regulation in this particular population. Indeed, many questions still unanswered related to women and cardiovascular health. Is there an endothelial dysfunction after menopause? Previous studies have systematically shown that NO/cGMP signaling pathway, as well as flow-mediated dilation, is not impaired in hypertensive postmenopausal women as compared with normotensive subjects (Sponton et al., 2014; Puga et al., 2016; Jarrete et al., 2016; Novais et al., 2017) . Additionally, both hypertensive and normotensive postmenopausal women were responsive to aerobic exercise training (AET) by increasing the endothelial biomarkers related to NO/cGMP pathway (Sponton et al., 2010; Rezende et al., 2011) . Another question in this scenario that should be raised is: when is the turning point of the increasing BP during the climacteric period? Thus, the objective of this study was to examine the cardiovascular and biochemical parameters in perimenopausal women compared with age-matched men. This period is crucial for women's health since sex hormones fluctuate from month to month and this intermittent hormonal exposure might be involved in the cardiovascular effects of the postmenopausal women where a complete decline in ovarian function and estrogen levels takes place. To address this issue, we examine the influence of sex on a) office BP and during 24 hours; b) autonomic modulation by evaluating heart rate (HR) and its variability (HRV); c) redox state by measuring biomarkers (MDA, SOD and catalase); d) nitric oxide (NO) production by measurement of NOx-concentration. In addition, AET was applied as a challenge for detecting cardiovascular responsiveness during the perimenopausal period.
Materials and methods

Participants
This study was approved by the Ethical Committee from University of Sao Paulo State (Protocol: 908.577/2015). Disclosure and participants recruitment were performed by advertisement in the surrounding area of the university and local media. Participants were included according to the following criteria: age between 40 and 59 years old, inactive physically (< 150 minutes of moderate physical activity or < 75 minutes of vigorous physical activity), non-obese , nonsmoking, non-prediabetes (fasting blood glucose < 100 mg/dL), being in the perimenopausal period (exclusive for women), normal renal function (creatinine levels < 135 mmol/L), nonalcoholic (< 3 cups/day), no menopausal therapy (exclusive for women), no use of antihypertensive medications, any other diseases that would prevent the practice of physical exercise. After recruitment, all participants (n=31) underwent a general anamnesis followed by the fulfillment of questionnaires related to the practice of physical activity (PAR-Q) and quality of life (SF-36).
Participants were invited to sign a free consent term.
The period of evaluation lasted approximately 3 -4 weeks and 1 -2 weeks, before and after of the AET, respectively. At the beginning of the study, all the participants performed a familiarization period in a treadmill (Treadmill RT 250 PRO) that consisted of walking during 4 -6 sessions of 20 minutes each. The aims were to teach and to guide them on how to walk in a treadmill correctly as well as to avoid any stressful situation that would interfere with the measurements.
Peak oxygen consumption was determined indirectly in a treadmill by performing the 1mile test according to Kline et al. (1987) . Maximal Lactate Steady State (MLSS) test was performed to determine the optimal walking intensity of each volunteer for AET. After that, the participants exercised on a treadmill, three sessions/week, totalizing twenty-four sessions of physical exercise as previously described (Ferreira et al., 2018) .
The perimenopause characterization in women was performed through by self-report of irregular menstrual cycles and the presence of signs and symptoms of this period, as previously described by Harlow et al. (2012) . In addition, follicle-stimulating hormone (FSH), luteinizing hormone (LH) and 17β-estradiol were measured.
Anthropometric and cardiovascular parameters
Body weight and height of the participants were measured on a digital scale (Toledo® 2096 PP). BMI was calculated by the ratio of body weight/height². Waist circumference measurements were performed in triplicate between the iliac crest and the last rib.
The measurements of the resting heart rate (HR) and heart rate variability (HRV) were carried out in a quiet room, noise-free and environment-controlled temperature. The subjects remained in absolute rest in the sitting position for 15 minutes, comfortably, maintaining a constant respiratory rate. Values were recorded and stored through of a transmitter belt placed at the level of the distal third of xiphoid process with a pulse HR monitor (Polar RS800CX, Electro Oy, Kempele, Finland) as previously described by Barbosa et al. (2016) . The participants were instructed to maintain their normal diet and not to consume any type of drink and/or make use of stimulant medication that could interfere in both parameters. In addition, they were instructed not to engage in any vigorous exercise in the last 48 hours preceding the test. Subsequent to the data acquisition, the records were transferred to Polar ProTrainer 5™ software. Resting HR was calculated as the mean value of HR during the recording period.
The HRV measurement was performed through the analysis of the normal intervals RR (iRR). The selection of the section for analysis was performed by visual inspection of the distribution of the iRR in the interval of fifteen minutes, in which a central five minutes interval of greater stability of the signal was selected, containing a sampling frequency of, at least, 256 points. The remaining ten minutes, distributed between initial and final passages, were discarded.
The iRR analysis was performed using Kubios HRV 2.1 software (University of Eastern Finland, Kuopio, Finland). The HRV measurement was performed using the indices corresponding to the frequency domain. For this analysis, the indices selected were the power in the low-frequency range (LF), and in the high-frequency range (HF), (Kleiger et al., 2005) . The HF component is defined as a vagal modulating marker which is synchronized with the respiratory rate . Both powers were calculated in absolute (ms²) and normalized units (nu). In addition, the variance of all successive normal iRRs (TP) and the ratio between low-and high-frequency (LF/HF) were used as an index of sympathovagal balance (Task Force, 1996) .
Office BP and Ambulatory BP monitoring (ABPM) were obtained in accordance with international guidelines as described previously (Sponton et al., 2014) .
Biochemical analyses
Blood samples were collected after a 12-hour overnight fast. Samples were centrifuged and the supernatant (plasma or serum) was collected and stored in aliquots at -80° for biochemical analyses. A specific commercial kit (Cayman Chemical, Ann Arbor, MI, USA) was used for all the tests. FSH, LH, and 17-β estradiol: measured by using the sandwich-type immunometric method (ELISA) (Cayman Chemical, Ann Arbor, MI, USA) in accordance to the manufacturer. The analysis of 17-β estradiol was performed in a private clinic.
The endogenous production of nitric oxide (NO): quantified indirectly through the nitrite and nitrate anions (NOx-) measurements, as previously described by Delbin et al. (2012) .
Lipid peroxidation: quantified based on the serum concentrations of the compound malondialdehyde (MDA).
Superoxide dismutase (SOD) activity: determined using a tetrazolium salt for detection of superoxide radicals generated by xanthine oxidase and hypoxanthine.
Catalase: the method of determining the activity of catalase occurred through its activity peroxidase.
Statistical analysis
Data are presented as means ± standard deviation (SD). The normality of the data was verified by the Kolmogorov-Smirnov test. After that, the effects of sex, AET and sex x training interaction were obtained through the analysis of variance (ANOVA) of repeated measures adjusted for two factors (sex and training), followed by Bonferroni post-hoc when appropriate.
Differences in the magnitude of behavior ambulatory BP reduction of 24 hours were verified through analysis of the area under the curve (AUC), using a paired t-test for comparison before and after AET in each group, and an unpaired t-test for comparison between groups. Analyzes were performed using SPSS statistical software for Windows (PASW Statistics 18). P<0.05 was considered as statistically significant.
Results
The general characteristics of the participants are shown in Table 1 . At the baseline, the studied population was similar in age and BMI. On the other hand, men showed higher weight waist circumference as compared with perimenopausal women, ([F(1,29) (Figure 1 ).
Anova repeated measure showed that there was an interaction for NOX-concentration ([F(1,29)=5.49; p<0.05]). Bonferroni post-hoc showed a significant increase in the NOXconcentration (38.5%), a biomarker related to NO production, in trained perimenopausal women but no changes were seen in trained men. Regarding redox status, SOD activity was significantly increased (55.1%) in response to AET only in perimenopausal women ([F(1,29) =8.67; p<0.007]) but neither MDA concentrations nor catalase activity was affected by exercise training in both groups.
Discussion
Comparing to age-matched men and prior to the challenge of the AET, our study shows that perimenopausal women present: a) a lower diastolic BP during daytime ([F(1,29) .03]; c) no sex differences for redox biomarkers (MDA levels, SOD and catalase activity); d) no sex differences in NOx-concentration. After a powerful stimulus to the cardiovascular system provided by 24 sessions of AET, perimenopausal women were responsive in lowering systolic BP in office and for 24 h that was accompanied by increased NOx-concentration and SOD activity even though men were more responsive in reducing body weight and waist circumference. Regarding HRV, both groups were responsive to the AET with a reduction in LF component and increment in the HF component.
Sex differences at baseline
The perimenopause comprises the period in which the first symptoms of ovarian aging begin, indicating the approach of the menopause, until the first year after the last menstruation, occurring on average at forty-seven years of age regardless of the obesity, race/ethnicity, and smoking (Randolph et al. 2011) . In this period occurs several changes in sex hormones with an increase in FSH and a decrease in estradiol levels (Burger et al., 1999) . Estrogen deficiency has been pointed out as the main cause for the development of cardiovascular diseases after menopause, mainly arterial hypertension (Wassertheil-Smoller et al., 2000; Stork et al., 2004) .
Nevertheless, it is not well clear when the turning point of the increasing BP takes place during the climacteric period. Our findings revealed that office BP values were similar between the men and women indicating a change in BP behavior during this particular period of the women's lives.
BP monitoring for 24 hours showed that only diastolic BP (daytime) was lower as compared with men. These findings show that during the menopausal transition, the sex differences in BP regulation is altered and neither redox state, measured by MDA and antioxidant enzymes activity, nor NOx-concentrations were modified. Accordingly, a previous study showed impairment in the brachial artery flow-mediated dilatation during the perimenopausal transition as compared with the beginning of this period (early perimenopause), they did not measure any biomarkers though (Moreau et al., 2012) . Another study found morphological alterations in common carotid artery during the menopausal transition that was associated with a decline in estrogen level (El Khoudary et al., 2013) . Collectively, our data show that the sex difference in BP levels is significantly reduced during the menopausal transition, apparently without a contribution of the vasodilator agent, NO, measured by its bioavailability. One possibility to explain this change in BP behavior during menopausal transition could be an unbalance between vasodilation and vasoconstriction responses in the vasculature. Indeed, a previous study demonstrated that intracoronary infusion of 17β-estradiol to postmenopausal women promoted a decrease in endothelin-1, a potent vasoconstrictor agent derived from endothelial cells. Moreover, the infusion of 17β-estradiol did not affect the NOx-concentrations in this population (Webb et al., 2000) .
Regarding HRV, our results demonstrate a vagal predominance in perimenopausal women compared with age-matched men showing a normal sympathovagal balance in this population even though they are under an intermittent sex hormonal exposure. Previous studies have shown a reduction in the parasympathetic component in women after menopause (Eaker et al., 1993; Kuo et al., 1999; Evans et al., 2001) . In contrast, other studies show no difference in resting cardiac autonomic modulation between perimenopausal and postmenopausal women (MyslivecEk et al., 2002) or any changes in cardiac autonomic activity evaluated by 24-hour indices of HRV after estrogen administration for 3 months in healthy postmenopausal women (Fernandes et al., 2005) .
Accordingly, our study clearly shows that cardiac autonomic modulation is unchanged in perimenopausal women reinforcing that sex hormone does not affect HRV. Nevertheless, it is important to emphasize that more studies with a large number of participants would bring more robust data.
As expected, lower aerobic capacity was observed in perimenopausal women, measured through the VO2 peak, compared with men, corroborating with previous studies (Fleg et al., 2005; Jackson et al., 2009; Wang et al., 2010) .
Sex differences in response to AET
Our findings show that the volume and the intensity of the AET program employed in the study were effective in increasing VO2 peak for both groups. Although the participants were composed of physically inactive individuals and they exercised at similar relative intensity, perimenopausal women presented a higher increase in VO2 peak than men. Likely, it is due to the lower aerobic capacity presented in relation to the men at the baseline, which makes them more responsive to the same physical stimulus. On the other hand, men were responsive to the AET in weight loss and in decreasing waist circumference with a consequent reduction in BMI while perimenopausal women were non-responder for anthropometric parameters to the AET. This lack of changing in perimenopausal women in response to the AET was expected since a sex difference has been described related to metabolic rate between men and women which is dependent on the amount of skeletal muscle mass as well as the density of the adrenergic receptor subtypes present in fat depot (Thompson et al. 2012) .
Regarding cardiovascular parameters, perimenopausal women were responsive in lowering office (-5.6%) and ambulatory (nighttime and 24 hours) systolic BP (approximately -4.2 and -3.0%, respectively), that was accompanied by increased SOD activity and NOx-levels indicating a higher NO bioavailability to the cells in trained women. A number of studies has shown the beneficial effects of the exercise training on cardiovascular system with improvement in the relaxing responses and reduction in BP either in humans (Maeda et al., 2004; Zaros et al., 2009; Esposti et al., 2011) or in laboratory animals (Claudino et al., 2011; Delbin et al., 2012) . Our findings show that endothelial cells still reactive to the shear stress induced by exercise training during menopausal transition promoting a beneficial effect on BP regulation. In contrast, neither office BP nor ABPM were altered in trained men. Moreover, men were non-responder in changing all the evaluated biomarkers after AET for 8 weeks.
Additionally, AET promotes an increase in vagal modulation and a decrease in sympathetic modulation in both groups. Evidence has systematically shown that physical training promotes an increase in vagal modulation and a decrease in sympathetic modulation into the heart (Carter et al., 2003; Melanson & Freedson, 2001; Kiviniemi et al., 2006) . On the other hand, studies examining the effect of the exercise training on cardiac autonomic modulation in women are scarce, and no studies exist comparing this parameter during menopausal transition and men. An early study shows a similar response to exercise training, comparing perimenopausal and postmenopausal women, with a decrease in sympathetic modulation and an increase in parasympathetic modulation (MyslivecEk et al., 2002) .
Conclusions
Taken together, our findings clearly show that during menopausal transition BP levels are affected by the intermittent hormonal exposure without changes vasodilator bioavailability.
Fortunately, perimenopausal women still responsive to the beneficial effects of AET showing that endothelial cells are reactive to shear stress induced by physical exercise. In addition, sex differences in cardiac autonomic modulation remain unaltered with an increase in vagal modulation and a decrease in sympathetic modulation, showing no interference of sex steroids on HRV and AET enhanced these parameters. Considering that high BP and physical inactivity are considered major contributors to death and disability, the relevance of this study is unquestionable since women live longer than men, as well as, they are more susceptible for cardiovascular diseases after menopause. Therefore, actions in management BP levels by the practice of regular physical training during menopause transition is fundamental for preventing an elevation in BP, and for minimizing the effects of aging associated with estrogen deficiency on women's cardiovascular health.
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